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1. Molecular Mechanisms in Decorticated Rats

i.[ 3H]Hemicholinium binding autoradiography: restoration studies

The interruption of the corticostriatal pathway by undercutting the frontal

cortex resulted, after two weeks, in a 40% reduction of basic cholinergic

processes such as ACh release in vivo and sodium-dependent high-affinity

choline uptake (SDIHACU) (see previous Reports). The depression ol"

cholinergic function in deafferented striatum has been demonstrated also by the

evaluation of [31-1 ]HCh-3 binding to SDI-IACU sites, determined biochemically in

tissue homogenates, or by autoradiography in brain sections. We have also

reported that using appropriate drugs such as choline, the ACh precursor, or

oxiracetam, a typical nootropic compound, it was possible to promote the

recovery of both basic cholinergic function and pharmacological lesponses to

different agonists. Thus, we have tested the ability of oxiracetam (OXI) to

restore, in a neuroanatornical context by autoradiography. the normal density of

[3-1 !]Ch-3 binding sites in deafferented striatum.

The autoradiographic distribution of 'l0lltlCh-3 binding sites has been

evaluated according to Lowenstein et al (1987). The rats were decapitated and

the whole brain was removed and rapidly frozen in N-pentanc at -20-25 'C

Coronal and sagittal sections were cut at -20'C in a cryostat and thaw-mounted

onto acid-cleaned gelatin coated slides. The slides were incubated with 10 nM

[3 1j1lCh-3 for 30 min at room temperature in 50 mM glycylglycine buffer ptl

7.8 containing 200 mM NaCI. Non-specific binding was determined in adjacent

sections processed in the same manner except that 10 lIM unlabelled HCh-3 was

added to the incubation medium. After dessication, the slides were exposed to
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tritium-sensitive film "Hyperfilm" (Amersham, UK) for four weeks and

developed using a standard technique; tritiated microscales (Amersham) were

coexposed. Quantitative autoradiographic analysis was done with a RAS 3000

Image Analysis System (Loats System, U.S.A.).

Digitized images of the [3H]HCh-3 binding distr-bution in coronal sections of

bilateral deafferented rats treated with OXI are Illustrated in Fig 1. A substantial

decrease of autoradiographic signal of [3II]HCh-3 binding was seen in striata of

bilaterally deafferented rats compared to the sham-operated rats; no changes

were noted in other structures. In sham-operated rats, OXI did not alter the

distribution of [3 1t]HCh-3 binding sites in either striatum or accumbens. but in

deafferented rats the treatment with OXI appeared to restore the normal

distribution of [111 lCh-3 binding sites.

The autoradiographic distribution of 131 1]lCh-3 binding sites in ;ham-operated

or decorticated rats treated with OXI was quantified by image analyser (Table

1). Brain coronal sections, which included tile anteromedial part of the

caudate-putatIen and the accumbens-tubercle olfactorium region, were analyzed.

As previously shuwn. bilateral deafferentation produced a decrease (22e ) in the

[3t I]tlCh-3 binding sites in the anteromedial portion of the striatum, No changes

were detected in the posterior part adjacent to the globus pallidus or in the

accumbens-oIfactory tubercle region. In sham-operated rats OXI did not

significantly alter the density of [3I-11]HCh-3 bindin. sites but there was a slight

increase in the signal in the limbic area. In deafferented rats. the nootropic drug

overcame the effect of the lesion and even produced a significant increase -15%-

in striatal 13l- IF-Ch-3 binding sites compared to sham-operated animals. Similar

trend was seen also considering only the laterodorsal portion of striatum, where

the density of [ 31111 lCh-3 binding sites was higher. This -esult is consistent with

the increase in SDIIACU in deafferented striatum after OXI wteatment.
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In addition, it appears from the results that OXI only acts this way in animals

with impaired cholinergic function. This is in agreement with previous

biochemical experiments showing that OXI restores ACh release in vivo in

striata of decorticated rats and prevents the electroshock- or

scopolamine-induced decrease in brain ACh but has no effect in control animals.

The findings of this study point to the possibility that OXI normalizes basic

cholinergic processes by increasing the availability of choline for ACh synthesis.

The finding that in certain conditions OXI could improve the synthesis of

phospholipids. particularly the phosphatidylcholine pool, proposed as a
"reservoir" for generating choline for the synthesis of ACh speaks in favor of

this hypothesis However, OXI may possibly restore the tone of chotinergic

neurons in deafferented striatum by activation of NMDA receptors. as recently

SLIggested in the hippocampus. Indeed the corticostriatal pathway uses glutamate

as putative neurotransmitter which has been shown to increase ACh release from

striatal slices in vitro through NMDA-type receptors possibly located on the

cholinergic cell. Therefore, the direct or indirect activation of NMDA receptors

by OXI could normalize the activity of cholinergic interneurons in deafl'rentCd

striata.

ii. Effect of frontal decortication on muscarinic receptor subtypes

in striatum

The impairment of ACh release in vivo as a result of the loss of the

excitatory corticostriatal pathway could cause understinmulation of cholinergic

receptors in the striatum, and as an adaptation to this, an up regulation of

muscarinic acetylcholine receptors (mAChRs). It was thus firstly examined

whether frontal decortication caused changes in the number (Bmax) or affinity

(Kd) of muscarinic receptors, using as iadioligand N-methylscopolamine
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[( 3 H)NMS], a quaternary muscarinic antagonist that does not discriminate

between the muscarinic receptor subtypes. Saturation curves of (3ft)NMS were

determined as described by Giraldo et al., 1987. It was found that both the Brnax

and the Kddo not change 14 days after decortication (Table 2).

In general muscarinic receptors are classified as neuronal MI thigh affinity

for pirenzepine (PZ)I, cardiac M2 (low affinity for PZ / high affinity for

AF-DX 116) and glandular M3 (low affinity for both PZ and AF-DX 116). It

has been shown that rat striatum contains about 30% of the Nil subtype and

about 70% of the M3 subtype and it seems to be devoid of the N12 type (Giraldo

at al., 1987). In order to examine whether frontal decortication caused chances

in the percentages of the muscarinic receptor subtypes known to he present in the

striatum., competition experiments against (l I)NNIS were dione using the

selective antagonists P1Z and AF-DX 116. Binding curves were derived indirectlv

from competition experiments against 0.35nM (:I I)N NIS and 0.5 (311) PZ as

already described by Giraldo at al., 1987.

The inhibition curves generated by PZ in displacing (III)NNMS from specific

muscarinic receptors sites in the striat um of sham and )C rats were shallow

with an nfl significantly less than one, and the data points fitted best to a two

binding site model. indicatiig the presence of two major popu lations of

receptors. One receptor population (Nil sites), am1ounting to 35% of total

receptors, bound PZ with high affinity (K , 35 iNI) whereas second and majoir

(65% ) population of sites bouLnd with low affinity (Kd , 386 nNl) both in

shan-operated and in I)C rats (Table 3). From the binding experiments with Pz

alone, the nature of second receptor population cannot be more precisely defined

since PZ does notI discriminate bet ween the NI2 and N13 low affinity binding

sites. Therefore, we did competition experiments with the novel antilnuscarinic
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PZ analog, AF-DX 116 in sham and DC rats. AF-DX 116/ ('Ill)N NIS

competition experiments in the striatal membrane preparation of both groups

aenerated a steep Curve with nil not significantly different from unity suggesting

that AF-DX 116 bound to a uniform population of sites with low affinity (NI13

sites). Thle affinity constants. 1.1 and 1 .2 u N1 for shamn and DC rats respectively.

fell within a range siini lar to thle K~j Value. 2.9 plNI. shown for thle g'landular N13

(Table 4). Based onl these findines we canl conicluide that thle pe rcentages of thle

mAChR subtypes,. MII and M3., present in the striatum were similar inl shamn

operated and DC rats.

iii. Eff'ect of frontal (Iecortikafion onl tile a-mflst ininfl to

muscarin ic receptors in striato im

It Is wCH accepted thlat inl brain and inl heart the high affinlity states o0' thle

mAChR result from interaction with (G proteins ( Natlianisci. 1987 ). 1 odeed. the

ouanyl n~cleotide GTP andl( the phosphohydrolase resistant ana heunc.

(;pp(NII)p,WhliCh uncouple Gi prIOCinlS fro11 thle rceptor-s have hbcw

demonstrated to modulate thle bindine affinity f'or thle IInuscar1inliC cl(i1inc e

aeonists in thle heart and cortex ( Rosenber-er at a l 1979). It was thus cx ninc i

whether frontal deccortication canS~ s( change's in the (Ipp NI I~p m)odulationl Of 111

binding affinity for the muscar-inic cholinergic agonist. oxotreniorine ()'INI N

in the striatumn (Table 5).

OTNIN /(MtI-C inluc id inyl benzi late ( QN13) compeltit ion 2olrves frlomi

sirnatal membrane preparations of shiam operated and DC rats were obtained inl

the absence and presence of 100) p NI (ipp( NIl)p by using" concentrations of' thle

atzonist from I nMN to 300 pM. In the absence of (3pp( NIl)p, the data pointis

differed significantly from thle theoretical curve in both groups With 111nil ein
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less than unity: 0.67 ± 0.08 nM p<0.01 (shamn-operated group) and 0.61 ± 0.05

nMv p<0.01 (DC group). Computer analysis ot' the curves from shaml and D)C

striata show, if the existence of two receptor affinity states :in sham siriata

OTMVN dispacea 16.2 ± 0.51% wvitl. high iffinity [lC, 0 = 14 ±1.2 niMl and

81'±I % vith lowv affinlity [I 5.6 - 0.5 pikil inl shamn striata whereas in D

st riata it hound 14.3 ± 3 3%T of receptors wilth high affl ty I 1C O 13.0) -1(10

and S .9 ±- 4.'1: with low affinity [1.3 ± 0. BM eefudi CSlriata. The

addition of (1.2 mMi~ (;np(NIIp and( 10 I)nNI Nig,,+ tin. the inlcubationl medC~ium~

resuLlted inl at almOSt compI)Le'e conlversioni of the mAChR s that OTNI N rccoen i/ecl

it h i l-I af~finity to al lowv affiniitv state: 96.2 ±2.9 % with a IC of' 3.3 ± (.18

[tMIl nltl sham an 9~4,6 -- 1.371,% with ICM .3.1 0.0 ( l N in DC strlii. Inl holh

Cises t he ill 1 0a .93 0.01

IheseC data denons trate thait theC (;IT~ relaC-to~(rV tnICtMI atncaM

receptors inl rat striatami does nlot chl~lnee :,Itcir decorticatnutl.

iN. EfAfct of frontal decort icat iofl on signal tra 115(ltion at

po~ t.s, na~pl i( cll sites: measuiremeint of'( 'f11) inositol-)11sp)IatC

accumuiilat ion

R:cepter- ldimg stildies canl detectI changes Inl the characteristics ( R S

,iiij 1 ,i he mAiii.-\ hi~s bi they canniot % ecld anyl hilforniatinn; onl receptor

~imlctloii. i.e. whether the reactionl of, thl, ayolist %%ithtme rcepltor lealds to a

11mllAm.altered bhicheirnical rcespmise. It Is xx cll accepted that .. C11 or the

cLinomu10Time-t ic dru-s, aicting alt 1rituscar1irtie r-CeeptOrs ill tl1e striaturn, inlhibit

adenl~at cvclse. sI mu tlate c(;NIM synthesis and elicit pliosphioinositide (111)
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breakdown. T1hus, we have investigated whether frontal dlecortication afft eted

the tranIsdCIItion mechanism Coupled to muscairinic receptors in the striaturn at

the postsynaptic level. i.e the activation of phosphoinositidle turnover (Fl)

induiced by the muscarinic agonist carbachol (CARB1). In additi~n. since

olutarni u is thle put:1tiVe neCUrotransmitter in the corticostriatal patilway. we have

also investioaledI the lesion effects on the activatlon of Pi turnover by the

21 uamatreicagonist. iho)teniic acid ' 1130).

Ef /ec I of frontal decorticalion e, i plIo spo in o s ide titrn o -e r

s t i ini lat et' byV CAR in s Iria Iu mn: The a cc ur u I U at i on1 0 f

(l '11 )-inos itol1-phosphaies 1('1 Ijlns Ps I was deterined accord inga to the method of

13rowni et a) 1 984. in tissue in in iprisis from striai a of DC and] shamn-ope rated

rats. Fie-. 2 shows the (lose-response effect of CAR i13on ( II dnisl-s accnmn at ion

inl minliprisinis froml lesioned and shami-operated anlimlals. Inl shainl-strialt

CA RB-stimulated PI tLiuver in a conicentraitionl-dep~c~endet manner (lItNI

-IiNI.Format ion of ( 10hI)ns Ps was about 2()( (4 above cont rolI valutes at I IM

CARI3 and tihe m~aximnal effect, about 6001, / was achiieved at I miM wlien the

plaicau wvas reached. Thle FC,0 is 1.3 x 10 -1 + 43 As shiowni in the fieiirlc. \\ 2

dlid *tot filid any change inl thle response of, DC nIAs at ally of' thle (loses studied.

Effec I of frontal decortication on phosplioinosilidc lurno ocr

stun ulaica bY lJU: TheIlw fect of' )C lesion Onl PI turnover stimulated by

1130. anl excitatory amlino atcid which imnics thle effect of gelutamiate. was

examfinedl (F[ig. 3). 1ii iniiliprisnms from siriata of shiaml-opcrated rats the

stimlulationl of (l 1)h lss accum-ulation induced by 1130 %ws 8OInd 9W('§ at I 00t

PM N and 110-1. respectively, wilel in DC in nprisins the effect was alIready

evidlent (25%;;) at 10( p NI of thle aeon isi antd the max imal effect, about 35( ,was

atchieved at 11111M. T[he enihancement of IR13( stimutationi in IDC striata is very

likeCV ly csd by olut amate receptor su pe rsens it ivii v ildluced 1 thle re1mval of



the plutamnatergic input, as previously observed (Nicoletti at al., 1987). Fujiier

experimients are inl progress to analyze the effe--,s of decortication on other

si-nal transduction mechanismis coupled to rnAChRs in the striatumn.

2. Behiavioral Effects of Frontal Decortication

In previous; experiments it was found that the neurochemiical alterations

oh ,crved atter disconnectimng the basal ganglia from the cortex were accompanied

by marked deftic its in active avoidance condit ion inc and Lash 1ev maze learn incL.

H owever, since this' lesion also induces at genc ra I pattern of behavioral

di.iNbib11ition (decrease of, eml-otionlift\'. increased reactivity to novelty), it woas

d ft lcui t lo csthi I ll whether D C rats have sped fic: memiory deficIts.

EF.fect of' frontal (lecortication on spatial learning

InI order to inlvcstiYcate to what extent lesionicd animals ar-c impaired inl

processing and storinc" infat 011ion whenCI Su~bmitted to learningL problems, w~e

examined their acqunisition rate 1, the radial nmae, a complex special learnimng

task pre-ClImiIMac dta: wereC givenI in Report of' April. 199)

Two Lrmups of' rats tbilatcrally operated and slum 11-ape rated) we re testedl in

a radial/ n.eCon"istineL ot eighit identical pathls wdl~thl 12 cmI: length 60 cnnl

radiat im fg romi anl octo'onal plattkrm. For three corisecut ive days . each rat wa~s

IpL~ced ('n tho Cl11 cenaI latt0rin and allowed to c.Nplowc the nm/e inl which a linrge

am11ounit tf foodl pellets had beeni placedl. Onl thc 4th day. thc actual procedure

Niarted-(. I'm ten'l cons"clntiv2 daily trials, each rat xxas placed onl thec central

plattorm) '1urul allI)\ve to make Ci2ellt im1s, withll theII paths, previouIsly baMited.
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Three dependent variables were recorded: (1) the mean number of unrepeated

path choices out of eight, (2) the rank of occurrence of the first error, (3) the

degree of divergence of the sequence of runs. The results were statistically

evaluated by one-way ANOVA for repeated measures. There was an increase of

performance in sham-operated as well as in lesioned rats as learning proceeded

(Fig. 4), but the number of correct path choices were less frequent [significant

lesion effect, F(1,24)= 21.70 p> 0 .0 01 I in lesioned than in sham-operated animals

(Fig.4 A) and the first error occurred earlier [F(t,24)=15.57.p> 0.00061 (iig.4

B). Differences were also observed in the maze ru-:.ing strategies (MRS) which

were significantly more divergent [significant lesion effect. F(I.24)=I 1.6,

p>0.0021 in lesioned than in sham-operated rats (Fig.4 C).

As in simpler tasks, disconnecting the cortex from the basal _,eanLl

significantly impaired performance in the radial maze. Interestinglv, the lesioned

rats not only made a larger number of errors in this task but also displayed very

different MRS. Control rats tended to visit adjacent paths consecutively.

whereas lesioned rats alternated their choices in an apparently arbitrary manner.

It can thus be assuied that the mapping operations resulting from their different

exploratory strategies will lead to different representations of their experimental

environment, making for poor spatial menory.

-lowever, tile higher degree of divergence displayed by lesioned rats in running

the maze is similar to that observed in animals with damage to the

septo-h ippocampal pathvay, the main cholinerg ic input to the hippucamnpus.

Important behavioral impairment has also been observed in rats lesioned in the

nucleus basalis nmagnocellularis, source of cholinergic innervation to the cerebral

cortex (Olton and Wenk 1987).
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3. Effect of Neurotoxin-induced Lesions of Cortical

Afferents

Since the mechanical disconnection used in this study also damagcs the

cholinergic projections from the nucleus basalis to the frontal cortex, it seemed

necessary to check to what extent the behavioral aiterations observed depended

on the interruption of this particular pathway, or were due to the more complete

disconnection of the basal forebrain from the cortex. We compared the

behavioral and biochemical effects of specific chemical lesions of the nucleus

basalis magnocellularis (NBM) with the frontal decorlication.

i. Effect of ibotenic and quisqualic lesions on spatial learning

Ibotenic and quisqualic lesions were made. Equitcnsin (1% pentobarbital. 41;

chloral hydrate) anesthetized rats were bilaterallly lesioned in the NB % by

stereotaxic microinjections (4 x 0.75 ml for each hemisphere) of ibotenic (1130:

35 maM) or quisqualic (QUIS: 50 niN)) acid (coordinates: 1.3 mm posterior to

bregma, 2.5 mm lateral to midline, 6.5 and 7.2 mm below dura). In

sham-operated animals, the skull was opened. but no lesion was made. The

experiments were (lone 7 and 14 days after I1O or QUIS lesion, respectively.

Two groups of rats bearing these lesions and their respective controls were

tested in a radial maze as previously (escrihed, for ten consecutive daily trials.

Rats from the 1130 and QUIS groups did not differ from SItAM in the

quantitative aspects of performance (Fig. 5). The number of correct choices and
the rank of occurrence of the first error were similar in the three groups.

lowever, differences in the organization of MRS were observed for lesioned and

control groups. MRS were less divergent in 1130 and QUIS than in SHAM
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[F(2,45) = 6.25, p> 0.004], the main modification being in the IBO group which

differs significantly from QUIS and SHAM (Newman-Keuls pairwise

comparisons, p> 0.01). No significant difference was found between these two

latter groups.

In conclusion, the behavior of DC rats differs from that of rats of the QUIS

and 1BO groups. Decortication drastically impairs spatial learning and strongly

modifies MRS strategies which mimic those observed in fomnix or hippocampus

damaged rats. IBO and QUIS lesions of the nucleus basalis modify MRS but in

the opposite direction from the DC group. Tlis suggests that striato-cortical

connections other than the projections from nucleus basalis to frontal cortex

participate in the control of spatial learning and organization of MRS.

ii. Effect of ibotenic and quisqualic lesions on ACh release from

frontal cortices in vivo and choline acetyl transferase activity

Application of IBO to degenerate the baso-cortical cholinergic system

moderately reduced ChAt activity - a marker of cholinergic neuron integrity in

the cortical regions - but it also caused clear behavioral impairnent. The NBM

lesion with QUIS, a glutamate receptor subtype agonist, caused a large drop in

ChAt activity in the frontal cortex but less severe behavioral impairment.

We originally assessed cortical cholinergic functions in both conditions and in

DC rats by measuring ACh output by microdialysis. We also measured frontal

cortices ChAt activity in all three groups of lesioned rats (DC, 1110 and QUIS).

Extracellular ACh content was measured in frontal cortices of 14-day bilaterally

decorticated and sham-operated rats, using the microdialysis technique. The

results are shown in Fig. 6. ACh levels in the 20 min perfusate samples are

uncorrected for the recovery which was 50% for a probe 8.0 mm long. The
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ACh output was constant over at least 200 min in the sham-operated and DC rats.

The average ACh content in the perfusate was 6.0 ± 0.1 pmol/20 min in the

sham-operated and 2.5 ± 0.1 pmol/20 min in DC with a significant (p<0.01)

decrease of about 60%. Fig. 7 shows the effect on ACh release from frontal

cortices of bilateral NBM lesioned rats induced by ibotenic IBO or QUIS

compared to sham-operated rats. ACh output was constant over at least 200 min

in the three groups but while the average ACh content in the perfusate of IBO

(5.4 ± 0.1 pmol/20 min) was similar to that of sham-operated rats (5.7 ± 0.1

pmol/20 min), in the QUIS the cortical ACh output was significantly (p<0.01)

lowered, to 3.2 ± 0.1, a decrease of about 401/. Our results indicate that there is

a loss of cortical ACh release in vivo in the DC and in the QUIS rats, but not in

the 11(O ones.

To investigate this point further, we measured ChAt activity inl the frontal

cortex and in hippocamIpus of the lesioned and sham-operated rats (Table 6).

Neither decortication nor NBM lesions affected hippocampal ChAt activity,

underlining the specific involvement of cholinergic cortical function. NBNI

lesions induced by 110 or QUIS reduced cortical ChAt activity by about 30%

and 40(/, respectively, while decortication had no effect. The different decreases

in cortical ChAt activity induced by 130 or QUIS correlates well with their

different effects on cortical ACh release in vivo, while the absence of

modification of cortical ChAt activity observed in DC rats and the marked

impairment of cortical ACh release needs to be clarified.

In summary, our findings show that the decrease of cortical ACh release inl

vivo observed in the DC and QUIS groups is correlated with a reduction of

cortical ChAt activity only in the QUIS rats. The 1130 lesion did not alter ACh

output from frontal cortices and reduced cortical ChAt activity less than the

lesion induced by QUIS.

The differences in ACh release in the 1130 and QUIS groups do not correlate
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with any behavioral alterations since (1) IBO, QUIS and SHAM radial maze

performances were similar and (2) MRS differed for IBO and SHAM in spite of

their similar rate of ACh release. It seems, therefore, that cholinergic depletion

in the frontal cortex does not by itself represent a specific marker either for

spatial learning deficits or for MRS alterations. Probably, a reduction of ACh

release in the frontal cortex associated with particular alterations of other

neurotransmitter systems would correlate better with specific patterns of

behavioral deficits.
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Data analysis

The binding data were computer analyzed with a non linear least squares

regression program for single or multiple independent binding site models. The

suni of squares errors from data fitting was then statistically compared between

models to determine best fit. The hill coefficient (nH) was calculated by linear

regression analysis and assessed for statistically significant deviation from unity

(Student's t-test).

The ECo was determined by an ALLFIT program, using four parameter

logistic functions.

The results of behavioral experiments were statistically evaluated by a one

way ANOVA for repeated measures
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Table 6. Effect of neurotoxin-induced lesions in NBM and of
deafferentation of frontal cortex on ChAT activity in rat cortex and
hippocampus

FRONTAl. CORTEX HIPPOCANIPUS

ChAt

,,IIAN 27.3 1 1.3 24.1 ± 4.8

LIS-QUIS 16.4 2.8* 27.7 ± 1.8

SAIIAM 33.8 + 5.2 22.1 = 1.0

iK ES-I o 23.1 i 6.7* 24.9 ± 3.6

SliA. 18.9 - 1.8 20.9 ± 1.4

)'CORTICATI',1) 21.0 3.7 19.7 ± 3.6

The data are the means S. L. of two experiments. *l)<0.0 1, **p<0.0
%s Sham group; Student's t test.
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Decrease in [31-Ihemicholinium binding to high-affinity choline uptake
sites in deafferented striatum: restoration by oxiracetamn

(ian I .ioi Forlor-ii. Na~dia Ane rett, flaniela Amoroso, Antonio Addis and Silvani Con-e

[ninti di R/inh /d-an o, hen~f 'A/mm Nieer, Afilnmn fim

lNecepted I0n Juts 199011

Ki'v b~/ (liolite upitake, (iirte-Itren pilliwaN Anjtor-adiographe

Itt - rIcal leritlretton ofthe rat striatitn reliCe the [one of sttta colineret -teirns. 'Ae lid hinicleniicaiI aind aninnradtngraplic
lcchmqin,1i to ittvetigLie whiether the I'ljhfentieholiniin-I (11111 I~h-3 ) htnIilfnto tsidiiitdependet Iiih-atfiii choline uptke sites zi
inluenceild I"s thi lesn Frontal dafferctitation produlnced ateduction oI ;,hnun 'n it le numbiler oIl '1111013 limiting sie , 
tiniut ith no sienificant clng-e it the binding .ifinit I K,. AtnilJ1r-tllht lionetl A Nignii lat redUCiiiii of I 'tIltlf-13 fitldinni stes
Ii lie ;ntietoiedil portion of the siiaini. lhnt not Ii the pistertir 1pitt if tioivit dealfercitnlc rat, (Iirace tani (1i00in-tl a nooirinpk
line. did not affect the (i 'trifinntnn of I411tl1I [-3 binfiiic ,Ie,, ftn i ritrts lbut coitutiletets nne rcanie the redneinnin oI the nitinfie
oI I11 H I 1, Iiiit itd~e i I, i-fleretd Ioarint

fleliholnnni s t ptet.reversible irihiii of oxiean()XI) seenitid gtenerationr loi du- i

siiditii-delpeitdeflli high-affinitv cltoline uptake (SI)- Ihe 2-pyrrolidiitenone class whotse thierapeutic sadue ts

I1 V) I rate-Il i ifit slip in acetlcleluline A( h) ciiiret Ib being in itlgalted"', were reported toi restnore
sviitltsis -Ilie availabhility nil [ I I henichiiniii (1111-~ chliiiergie bioceicial acti5 ty in decorticated rats hei
Ilf("lt-1) has periited the developuient nit ;i liganul- dlnlereitted striatulir constituted att ititerestii itiodel
Itiidirti niethind loi lahel Tire S1)1 IAULJ sites"' lirevinus lfir lestinL %ltethir the F 1II)Ih-3 binding Cart reflect
xi1iidies have doceumnented it Close cot [clat ii n betweeni the cliinc Iflesii elolineritic funtin induced liv altered plies-

tItC-ininal distributinin (of I'l ljllih-3 binding toi crudeC iloial eqitiilibrit.in ot intact chitlinergic neurn rather
ininalratie preparaitinin and the ehitline aeet.ltransferase than dranintie eliaitgCs nif ehilintergie aetivityr i neeId by

jhAl)I aetlv> ".lChinges fin Fill liCh-3 bitiding site drig, nir lesioins"
dcitsitv hnans been nibsrsed is at eonsequenee nil plior- III this sttidin% see used] biocemnical anid autniraini-
tiie in mical ma~nipulation in vivo" and in vitro". cit- ginopli techniques lii insestigate ['111Ilt3 liinding tni
sistetit o Ith the ilterationi of ehitlinergie neurnri aetivity 51)1IA(:f. sites iii rat striatun after nonnilateral iir
the lsoiiiain nif Ill I h-3 binding sites with the bilateral Chtronic deaffercntatinn. We alsot investigated
:hinntergie tertiinals has been further priove(] hr the whether OXI altered the autitradinigraphie distribUtin nif

iutnirndiiigilplie technuiqune. In this eontext the dlistribu- I II jKlh-3 bindiiig site s in sham-operated a nd frontal
lin ofi nil1111 lCh-3 binding sites Ili cenutral tiervotus system deal feren ted rats.
enoitrelales si nifiearutlv with the immunoevtnieheical lemale Sprague- Dawlev rats I(Ct) (()lS, Chairles
dist ribut ion of ChAT and the histitchenical dist ributioin River. I tah, I Aeighinrg 2M -2501 g were used. Mitninlateral
(Ii aceilcli inete rase, thre two classical press trieuic anrd bi lateral friittal dleafferentation wais done un rder
markers of the ehotiruergie systent " 7 ethle r a nest hesia by itndercutting the cortex with at thitn

Reninis l nif excitatory corticostrtatal afferert s by gilass knife fashioned frni cover slip, as described hr
Co rnecal ablation nr undercut resulted in ;I reductin ttni Citisuli et al". In shami-operated animals, the skull %nas
the basic clrnlinergic activity in thre striatum ats reflected oipenied but no lesion was made. [he experiments were
bv thre decrease nit ACh tuirnover A~h release in dne 14 days after the lesion. The extent of damage to
sueni and SI)IIA~tjin. However, even when therr actiy- the corticostriatal pathway induced by the undercut was
it% is decpressied, the striatal cholinergic interneuriins assessed in randomly selected groups of 4 animals per
remain potentially hunctional and capable of respndirng experiment, by nmeasuring tire uptake of iH-1glIutannale in
to cecrtaint stimuli". (holtne. a precursor nif ACIh. or crude hominogenate preparationfs'1 . When ["Hlglutarrnate

...rrnnnnri nem Ci 1 tin l. ts,0ttn di Ricecle Fairniolnnmnhe 'Marino Negti. Via InrcOr 62, 201157 Milanio. Italy

SO W.X~ i (nlI$1t 511"Iii~I Elsieser Science Iinhtihcrs It V (BIiniredical IDivn i
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tAlHt.1 I conisistenlt wlih the general depression of choliitergic

Elle' o/ owaldeaf woo .... I'llMV3 ~ndig t the striaal ativi " vobsined erruptnte onpt onfothee ocoi
sass ...... . sslsies lsse/-wftiitg hl-h~ uptaske' 1±)IMA (.) Site, if costriatal pathway". Neit her finding parameter of J af-

'I~w" e~d.......fercnited rats was misdified i, the hippocampal region
the dat., ,re thc moons 4ST lN t of 4-6 determinat tons. *P- 0.1. (data not shown), indicating the region specificity of the
Studossi, -eM Rats nero killedt iwss weksafter hiltirat deaffercr- phenomenon
Olsion. Pasramneters slerises frossm 'nont-linear flliing ;nalysis of the Th-

soiraissi esrs~.Th-4e effect sif frontal cleaiiereritation it 1On Hh
binding sites was investigated in af neuroanatomical

8 nssl p)' 170 420 120! 10*A
AnMl 7.2±4 1,7 7.3 1.1A

uptake was approximately halved the lesion was effec-
tive.

/1111101-3 binsding sssu. The rats were killed by
decapitation. striata and bippocanipi were dissected and
Crude meiiibranes sobtained by s(511cation were centri-
ftu,-ed at 20101 g~ fsor I5 n at 4 1. [he r esulting pellets i .
were ss ashesl ie then resusperided ilil gls'ylglveinle
bufter pl I 7.8 ts sield a fital csoncentratisoi betweeit 2001
;lud Slit) 11 111i1. uses) Inl the funinglii assay. The biinding sifB

l-llllWIh-3 INILN. U.S.A. W4 Ci'inntsl; 1-24 nNI) wats
pe rfsortmed ats descri bed bN Sandberg and Coyleis. wvith
mnorti ir mi littins. Washed crude isetubratIle prepara-
tisons were iniculsatcd at 25 C Isse 301 min. I ncubationis
%%ere i rfisi noted bs% sacuua i fiIt ratin %%-il ita Brandel Cell
Har% ester over glass fiber filters (Schleichier atid SchuelI- . o
Nso,2 rvoul sae in) a 112 v2N) aclueous
soltioni of polsetlsYleiteimine tis reduce the binding of

'1.11 l( h -3 tu filters. Nsin-spccific bi ndi ng wats defi n_ d as
htnditg fit thse presene ssf I UIs Unlabelled BiCh-3.

.1 ttri5tstiorapfhi I lie rajts swere decapitated aiid the
ss hi sc brain \was reitisss d atnd ra pidly frozen in N-
penitane itl 20 tol -25 V . Coronal and sagittai sections C
sserc cut atl -20) C fin at crssstat and thaw-mounted onto
acid-cleanecd gelatiit-coated slides. "he slides were Incu-
bated wfill It) n NI I1111 lCh-3 fisr 311 mi n at rom
iemipcratitrc in 501 mNl glvcylglveine buffer pil 7.8
essntinintt, 2M14 mN NaCI. Non-specific binding was
sdetermnsiid in adjaceit sections processed in the sante
manner except that Il s.MN unlabhelled HlCh-3 was added
tio the incubation iicdiiiit. After desiccation, the slides
were exposed to tritiuin-senilive film H"yperfilns'
(Antersham, U. K.)I fur 4 weeks atid developed uising tlse I-if,. I \nistosaisgrartss with [I 

t llh-3 hinding site distrihuion in
stanard(ccuiiue friiald mirosale (A ersani sogiital (Al atnd cssrssiat lIt) seetons (if shamt-operated and cssisnalstanlar (clii iquc riiatd n icoselesf~mrshitt) sction ssf steafferentest rat IC) the signal (white) was high in

were cocxpos-.'d. Q)uaintitative autirsidiographic analysis caudsliepunise (cpl with a inedistateral gradient, olfacstory
was diosie with af RAS 30(g1)1 Inage Analysis System (Loats tsheCie ot siccuirbetis (ac I and deintaie gyros (dg). medium in the

Syste, U.SA.).uperior taers (it cssrtes (cin). the pyramidal layer of hIpniampusSyste, lIS .I.(h) and the hahennia (hal). Nowi the absence of signal (btack) in the
abeI shiows the effect of frontal dleafferentation on anterior comneiisnre (an). in cerebellum (6h) the high signal

I 'HJH('h-3 binding parameters. [he lesion reduced the appears largets sdne to a nosn-specific hinding as previously
slemsonsiraiet' . tn C noiste ithe resductioni si aniniradiisgraphie signalI 'II F Uh-3 binding sites (H R, fit striatumn of about 30';; i n slealferentesi stiata lepI, in contrast the signal in olfaecitry

with tis change in the affinity (K,,). This effect is tubercle mln appeirs uncmhanged



]AB]t Ft1 density obtained by auitoradiography appeared different

OW t- fre'ia dt'affert'ntittti ~/ ( cin th 1'11C- hinin m ial front the B_, calculated from the saturation curve in
arid ac,thiri-lfartberl determinted bvaaduAngnaphv hornogenate - The slight discrepancv in the hinding site

I he lila are the neans4 ST %1, of 4-5 rats (3-4 scutois per numaibers is justified by the different conditions of
hratin) *t P 1,1. Studern's i-test. Rats were killed two weeks after evaluation'". Bilateral deafferentation produced a de-
frofitislateral deafferentation. One concentraitii (10l tM) oif Crease (32%) in the ["H1iCb-3 binding siies in The

iai -. a.tst anteromcdial portion of the striatumn, equivalent to that

Bw~di l/U-(pw ,q observed in equilibrium binding experiments. No changes

Sh"'-pe"fed )"af led were dletecieti in the posterior part adjacent to the globus
.51,m I~'ajf'rt'is'd pallidlus ttr in the accuntbens-olfactory tubercle region.

St~iatun Excitatory inputs have been described from the frontal
Atlroredial part 425__ 2 -21_ 293it 12.1 ut0' o o
P-,terio part 37 4 321 1VI cortex to these parts"', u apparently they o

ACCamhel'ir--illaciirv litberele 197,01 -_ 87 170 3 13 9i directly modulate the activity of eltolinergic neurons.
The autoradiograpltic dlistributtion of ([1-1 jHCh-3 bind-

ing sites wats quantified in friontal deafferented and

context by attloradiography technique, F-ig, I ilhtstratcs shamn-operated rats after intraperitoneal OXI at the
thle aUtoradiograrns of [V14111(h-3 binding itt sagittal (A) optimal dlose of 11M1 ntg/kg (on the basts of previous
and ci ronal (B) sectiotns. The attoradiitgrapltic si 'tital studies' and our preliminary intvestigations (data nlot
wa htigh it the striaturn. accurnens and dentate ' sNrus. shown). Brain ctriinal sections, which included the

itertuediate in hippocampus and cerebril coirtex attd low aitteroniedial part of the caudate-putattert and the
Int tita ln us andi hypothalamus ITbis Ifurther tiidicatcs thtat accumberis-t Iberele olfactoriunt reeiolt were tal szed.
tile disribution of JI-IlI-IC b 3 binding sites intilrt brain In shamn-operated rats OX I did not significatttls ater

fits %kell with the localization of choliniergic terti itials '. as 1 1111A('I-3 btind ing itt either striat urnl or accuMnibetis but
press 'tsly slttw t by other i nvcstigetirs'" there wais at slight ittercase (If the signal in thIe Ii itiic area,

I lite atoradiiigra m (If t he liji I( h 3 bittdiitg dist ri- In deaffcrented rats, tile itti(troplic drug ose reatue thIe

fbetiiil it l coronal seetit o1 btlaitera i dv ftercnted ritl is effect it thle lesion andl even proidu~ced a stiniticailt
dllustr~td itt Fie. 1' -SA subs tni decrease til 11f11(lt- increase - 15'; -- iii striatal fIlilliCh-3 bittdittc site,

h i tdintt sites was seen in striata oif hi late raiv deal- ciittparedl tii siatti-iperateil anintals A sinmilar trendu Was

Icrettled rats cottpared tol the shant-itperatcd rats: ti seen also cotisidetin lonlym tle laterodorsal poirtioni otf

chaiii ecs were noted in ither structures. A siila r strnat(tn whtere tilie de(nsityv of ['11111('h -3 hintditig sites
redU)(Cli n \wais found tn striata tf unilaterally lesioned rats wais higer. Iik result is consistent %kith itl e inctrease in

1dkta hit shownl). Ibis pictUre is --tnswseit wlth tle SD)1IACIt itt eeafleretited striaturiti alter ()(XI treat-
determtitialtion if otther chitlittergic paramteters" utid cult- mntt', and prits tes string supqport futr tile conicept that
fitrms thatt collateral fibers, described itt fronttal cortex'. II Ili(h-3 bindittg is at reliable t11ie tif SI)1 IACt
dlid [lit Ittfluence the functiiinal depressiolt of striatuil tetivits-
cmiter 'ic neltros induced by deaffe rent attitn. In atddi tit itt it appeirs fruttt thie resu Its thitn OXI acts

ithle 11 summarizes tile results ot qttattiative intige tonly it aiiais itlt ipaired chltiterttic furctiiit. Ilhts
aitais ss. TIhe absolute salutes of I '1111 ICh -3 biodittz site is in agrrc nt with pre itius bioChltettCal exper tttettS
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showing that ( X~I restores A( II release in %io fii siriata hippcanpus Inideed the corticosiriat al pathway uses

of dlecortica led rats' and preventis the electroshock- or gI utannate is put ative neu rot rinsnit ter' whichi has been

scopolamnine -induced decrease in brain A( h- but has no shown to increase ACh rclea',e fri in striatal slices fin vitro

effect in conit rol an imials. t hrough N NIIA -type receptoirs possibly loca ted on the

The fi ndings of this study. like tho se of the prt:Niilli chol inergic Cell T-1herefore tire direct oir Indirect acti-
one' poiint tio the piissibiliti, that OX! normializes basic %ation of NMDA receptoirs byv OX! could normalize the
cholinergic processes b', increasing the a~vaila hIl it V of activitv of cholinergic i nterneuriins in deafferented

choline for A( h ss ibesis. In accordance with this striata.

hypothesis is the finding~ thait in certain ciinditiions OX! Ii] Conclusion. accordLing toi the depression iif choliii-
could impriove the syn thesis ilf phiisphiilipids2'. part cii- ergie functioit both audiadiiigraphic and sat uratiiin

farly the pliosph itids k holine pioil. proposed as a 'rese r- hi ndingt experiments shiowed a reduction iii the density of
soir' for generating ch,,liiie fur thre synthesis of ACh ' C H jIIhIt3 binding sites fin deafferented striatuni. This
It was reported that ACh can be syntthe tizid from cholinc reduction was overcome by trteatmeiii with OX!. The
derived front the brea kdown of endlogeniiis phospha- resto rat io n experiments wilt OXI indicate thre piissi bil ity

tids-lchiilinc. forimed de nino by, the ste pin se tiethslation of iteestigating lo auiiiradir 'raphi (the fuiiittioital stage

orf phipaiIlt~ioinn nterestiti''l. iii deal- if chiiliiicrgtc tneurions fin a neurriatitoinical conttext and
ferented striatuin. the irtinsmeths I tirin pithwav is cii- iidentif~ ing the deciirticated ftriaitiin a, i niodel to test
haneed. piissihl to sustainI th sti t ii cholitteric aclith klrlis affecti ng choline cic ictii.
depressed hv the lesiion

I lowCe i ( )X I Mir\ pi JIssh restire tie t nc it enc20ll1)Po" ltClci-,a~
chiiliiieeiei ticirotis in dcaftercitedisriau th!, is moduIli- I -c It I-u ,c, tieipoolid b, tII All Itrt 11, lie ot Seteititc

iif NkI).A rceptors, as receitIsvizeti in flie R se ntfi. I S Air t tree. lii.iiil Mt sS_5l'
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EXAMPLE

TITLE REDUCTION OF CHOLINERGIC FUNCTION IN RAT STRIATA BY CORTICAL

(in capitalS) DEAFFRENTATION: RESTORATION STUDIES WITH OXIRACETAM

AUT14OR(S) D. AMOROSO, G. L. FORLONI, N. ANGERETTI, A.ADDIS and S. CONSOLO, Lab. of

(in capitals) Cholinergic Neuropharmacology , "Mario Negri" Institute,20157 Milano,

Address Italy.
Abstract

Frontal deafferentation of rat striaturi reduces the tone of striatal
cholinergic interneurons. After two weeka, the lesion resulted in 40%
reductions in acetylcholine (Ach) release in vivot., in sodium-dependent
high-affinity uptake of choline (SDHACU) and in a 30% decrease in the
number of ( 3H]hemicholinium-3 ([ 3 HJHCh-3) binding (IMAX) to SDHACU sites
with no significant change in the binding affinity (KD). Autoradiography
ihowed a significant reduction of [ 3 I~-3 bnigstsi h
anteromedial portion of the striatum, but. not In the posterior part of
frontal dleaf ferented rats. Acute treatment with oxiracetam (OXI) 100 mg/kq,
i.p., induced a recovery of Ach output from the striata of deatferented
rats. At 30 min after drug injection, ACh release was already significantly
higher in the OXI-treated group than in saline-treated gruup, with complete
recovery occurring by 80 min. The full effect lasted at least 100 min
longer. OX! also normalized SDHACU activity 2 h after its administration.
Consistently with this result, the nootropic drug completely overcame the
reduction of ( 3 IJCh-3 binding sites in the deafferented striatum.

D Restoration of the basic biothemical cholinergic processes is most likcely

asasociated with enhanced ACh formation. The results identify the
deatferented striatum as a useful model for studinq means to restore the
deficit in cholinergic neurotr~an'smissiont. US AIR FOR~CE grant AVIOSR 87-0399


